Abstract: Microbubbles (MBs) are gas-filled hollow microparticles. Under the ultrasound field, the difference of acoustic characteristics between gas and plasma in the blood vessel will cause strong impedance mismatch and echogenicity to enhance ultrasonic grey scale imaging. The linear or nonlinear resonance of MB shell in the ultrasound field would lead to repeated expansion-contraction till destruction. In this case, the pre-loaded drug in the MB shell will be released in an accelerated manner triggered by the ultrasound at a probe-given site. Sonoporation effect of the cell membrane would also help increase the uptake of substances into cells. This paper is dedicated to review recent developments on MBs, especially multifunctionalized MBs, as a potential drug/gene delivery microdevices for both diagnosis and therapy of malignant tumors.
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Equation 1
where I is the scattered intensity, I 0 is the incident intensity, n is the number density of scattering particles, V is the scattering volume, k is the wave number, r is the radius of the particle, γ c is the compressibility term (γ c =(κ s -κ m )/κ m , κ s and κ m are the compressibilities of the scatterer and the medium, respectively), γ d is the density term (γ d =(3ρ s -3ρ m )/(2ρ s +ρ m ), ρ s and ρ m are the densities of the scatterer and the medium, respectively), θ is the scattering angle (180° for backscattering), and d is the distance from the scatterers.
Among these commonly used gases (e.g. air, nitrogen, rare gas and so on), perfluorocarbon is usually known as the best choice due to its high backscatter intensity resulting from strong hydrophobicity.
Different shell materials may be used, including surfactants, lipids (~3 nm thick), proteins (15-20 nm thick) and polymers (100-200 nm thick) as seen in Fig. (1) . Here, lipid molecules assemble together by physical force fields (e.g. hydrophobic and van der Waals interactions), proteins are cross-linked by covalent disulfide bonds, and polymer chains are covalently cross-linked and/or entangled to form a bulk shell [5] .
The first widely used US contrast agent (UCA), Albunex (San Diego, CA, USA), with an air core and albumen shell, was mainly used in cardiology [6] . Levovist (Schering, Berlin), the first MB contrast agent for general application, is made of air bubble, palmitic acid surfactant, and galactose microcrystal as the cavitation point [7] . At present, SonoVue (Bracco, Milan), is the most popular UCA in clinical practice, containing perfluorocarbon gas with phospholipid membrane [1, 6, 7] .
Interactions of Microbubble with Ultrasound Wave
As mentioned previously, the major impedance mismatch and echogenicity originate from the change of density at the interface between MBs and plasma. But the response of MBs to US is complex mainly because of the compressibility of the gas inside the MB. Once exposed to sequence of a ultrasonic pulse, MBs undergo alternative compression and expansion [8] .
As shown in Fig. (2) , US transmits in the form of sine wave whose phase also concurrently varies with time: MB contracts as US pressure is at the positive maximum; MB resiles as US pressure comes back to the baseline; MB expands as US pressure is at the negative maximum [9] .
In detail, at low acoustic powers, symmetrical oscillations occur and MBs behave with linear resonance. At conventional acoustic powers, MBs' nonlinear resonance may take place to produce harmonics. At higher acoustic powers, nonlinear resonance and resulting harmonics will be stronger so that MBs are disrupted or even break up. At this point, the expansion and compression phases become unequal because the MBs are more resistant to compression than to expansion [10] .
MICROBUBBLES FOR CANCER IMAGING AND THERAPY
Under ultrasonic field, MBs in liquid environment can act as cavitation nuclei and conduct a series of repeating behaviors, including their vibration, expansion, constriction, and even collapsing and bursting [11] . During this dynamic process, the membrane thickness of MB will keep changing till dissolution/ dissociation of the MBs. In case of such MBs being loaded with specific drug or gene, the US-triggered shaking or dissociation of MBs will finally accelerate the release these entrapped substances.
In the presence of MBs, ultrasonic cavitation improves the permeability of the plasma membrane, and thus promotes the cellular uptake or allows the internalization of cell-impermeable substances [12] . In the vicinity of sonicated MBs, cell membranes may show sonopores, which attributes to several MB phenomena, including microstream swirling, micro-jetting, and the formation of hydrodynamic shock waves [13] . In addition, US-excitated heat and radiation force are also helpful to the entrapment of loaded substances in targeted cell [12] .
Ultrasonic Imaging and Chemotherapy
Nowadays, chemotherapy is still a principal approach for clinical cancer treatment. However, most of anticancer drugs are similarly characterized by their poor solubilities in body fluid or blood, significant toxicity and side-effects. Appropriate drug carriers may concomitantly improve the therapeutic effect and reduce the toxicity of these drugs through a combination of tumor targeted delivery and site-specific controlled release.
MB, as an echo-enhancer, has proved to be an excellent drug delivery device as well. While MB is activated by the action of US wave, several associated phenomenon described above will promote cell uptake by overcoming some physiological barriers for chemotherapeutic agents.
Phospholipid Microbubbles
Tinkov and co-workers developed a doxorubicin (DOX)-loaded phospholipid microbubble for targeted tumor therapy [14, 15] . The DOX-loaded precursor liposomes were prepared via the thin film hydration of dipalmitoyl phosphatidylcholine (DPPC), anionic dipalmitoyl phosphatidylglycerol (DPPG) and non-ionic dipalmitoyl phosphatidylethanolamine-poly(ethylene glycol) 2000 (DPPE-PEG2000). Subsequently, high hydrophobic octafluoropropane gas was filled and mechanically agitated into the liposomes solution, so that zwitterionic phospholipids carrying DOX reassembled and covered those resulting octafluoropropane bubbles fully to form new DOX-loaded MBs. Fig. (3) revealed that, DOX-loaded MBs had the general shape of hollow sphere and red fluorescent DOXs were intensively localized inside phospholipid shell. The dark core in every hollow sphere is the octafluoropropane gas filled MBs. Confocal laser scanning microscopy (CLSM) images (see Fig. 4 in Reference 14) clearly illustrated the application of DOX-loaded MBs and US was favorable to increase DOX intracellular uptake and affinity to DNA. It could be sure that the performance of DOXloaded MBs in 293/KDR cell cultures had been very close to free DOX. From the in vivo characterization, rats that received DOXloaded MBs and US irradiation significantly showed lower tumor growth with 284±166% increase (p 0.05) within 14 days than other contrast sides (see Fig. 5 in Reference 14) . This proved that US-triggered DOX-loaded MBs had the superior capability of tumor inhibition. Fig. (3) . CLSM micrographs of DOX-loaded phospholipid MBs. Fig. (2) . The interaction between MB and US waves in a sound field.
Ibsen et al. designed a unique nested liposome with UStriggered release of its drug payload, namely, SHockwavERuptured nanoPayload cArriers (SHERPAs) [16] . The fluorescent image of such a SHERPA in Fig. (6) confirms its structure and successful preparation. As shown in Fig. (6) , the microbubble and the payload with fluorescent label were located in a space surrounded by an outer lipid membrane but not directly attached to the lipid shell. Such structure of SHERPAs can facilitate its preferential accumulation in tumor site, and can achieve maximum concentration of drug at the moment when the region is selectively insonified by US. This technique allows for both spatial and temporal control over drug release, especially a burst release of a highly concentrated payload by US excitation.
Polymeric Microbubbles
The term "polymeric MB" typically refers to a special class of microbubbles that are stabilized by a thick shell comprising crosslinked or interwined polymer chains. The bulk nature of the polymer shell makes MB more stable and resistant to area compression and expansion compared with lipid or albumin counterparts [5] . Cochran et al. prepared a DOX&paclitaxel (PTX) -loaded poly(lactic acid) (PLA) MB by double emulsion method for US imaging and triggered drug delivery [17] . Fig. (7) showed the Doppler US images of solid tumor pre-and post-injection of MBs at a frequency of 5 MHz with a mechanical index (MI) of 1.0. These images stated that these MBs can be accumulated in solid tumor and then be destroyed entirely inside the solid tumor (1-2 cm 2 surface area) by high-intensity focused ultrasound. The destruction may initiate a burst release of encapsulated drug within this region. A methylthiazolyltetrazolium (MTT) assay was performed to test the anti-tumor activity of these PTX-loaded PLA MBs on MDA-MB-231 cells with and without US irradiation. After 72 h of incubation (Fig. 8) , US-insonated blank MBs and uninsonated PTX-loaded MBs showed no obvious change in cell viability at any concentrations tested (p > 0.4827), however 18% PTX-loaded MBs insonated by US showed a significant increase in tumoricidal activity at MB concentrations of 0.1, 1.0 and 10µg/ml (p < 0.0016) compared to uninsonated controls. This can clearly testify the outstanding enhancement of US on drug release from MB carrier and cellular uptake.
Hou et al. studied the US-induced drug release from 10-hydroxycamptothecin (HCPT) loaded PLA MBs [18] . To evaluate the efficacy of this carrier, the fluorescent intensity of HCPT in BEL-7402 cells for different HCPT formulas was measured by flow cytometry (FCM) (see Fig. 9 ). It was observed that the HCPT fluorescent intensity in the cells with US irradiation was much higher than that without US irradiation, in presence of HCPTloaded MBs. This finding concludes that US can be an effective tool for promoting drug release and cellular uptake. 
Thermosensitive Microbubbles
Perfluoropentane (PFP, C 5 F 12 ) has a bulk boiling point of 29 o C, which is much lower than human body temperature. That means that the liquid PFP will transform to gas once it is transported into body.
Gao et al first utilized PFP for developing a thermosensitive DOX-loaded poly(ethylene oxide)-b-poly(L-lactide) (PEG-PLLA) nanomicells to achieve a combination of ultrasonography and targeted chemotherapy [19] . To verify the thermal sensitivity of PFP nanoparticles, the authors poured a 0.75 mg/ml Dox/0.5% PEG-PLLA/2% PFP formula into a closed plastic capillary (internal diameter 340 µm) of snake mixer slides, and visually monitored by a Nikon Fluophot fluorescence microscope equipped with a sample heating stage (see Fig. 10) . Obviously, the initial nano-scale sample was invisible at 26 o C (Fig. 10A) . Once heating to 37 o C (Fig. 10B ) and 50 o C (Fig. 10C) , larger MBs generated and were visualized owing to PFP gasification and nanodroplets aggregation. After cooling back to room temperature, these MBs was not restored to the initial structure but assembled to form a large number of microdroplets as a result of MBs breakdown and PFP condensation (Fig. 10D) . While heating to 37 o C (Fig. 10E) and 50 o C (Fig. 10F ) again, respectively, the previous association or coalescence consequentially made small MBs decrease and larger MBs grow. So it can be seen that, gasified PFP facilitates the transformation of nanomicelle into microbubble along with higher temperature (see Fig. 10 ). Through the phase transition, the micelle core comprising hydrophobic PLLA blocks will be thinned and turn into MB membrane, so that encapsulated DOX is easy to escape. And US irradiation was jointly applied for acceleration of DOX release from MB shell and increment of cell uptake.
Similarly, Wang et al. prepared aptamer-conjugated and lipidcoated PFP acoustic droplets containing 2-distearoyl-sn-glycero-3-phosphocholine (DSPC), cholesterol and DSPE-PEG2000, for targeted imaging and therapy of cancer cells (CCRF-CEM cells) [20] . In view of high nanomolar binding affinity to the cells, fluorescein-labeled (FAM)-labeled sgc8c aptamer was introduced to modify the surface of PFP nanodroplets. This means that, the multifunctionalized PFP nanohybrid can efficiently accumulate in target site by physical and biological guiding, and further induce the apoptosis of CCRF-CEM cells by chemical and mechanical treatment while simultaneously providing US imaging. In practice, it provides a potential and effective approach to early diagnosis and treatment of acute lymphoblastic leukemia.
Ultrasonic Imaging and Gene therapy
Recently, gene therapy has attracted more attentions to the treatment of cancer and other diseases. Thereinto, therapeutic ultrasound which operates at frequencies of 1-3 MHz, intensities of 0.5-2.5 W/cm 2 or MI of 0.3-2, and in pulse-mode, has been investigated to combine with nano/microbubble contrast agents for enhancing gene transfection efficiency [21] . This method takes full advantage of US-induced MB resonance, cavitation and other effects, to improve gene delivery to tissue beyond the vasculature, and these advantages make it a promising approach for its unique features such as low toxicity, organ specificity and broad applicability to acoustically accessible organs, in favor of practical gene therapy.
Delalande et al. exposed a suitable treatment of gene transfer in tendons by the combination of US and BR14 phospholipid MBs [22] . After mice achilles tendons were injected with 10 µg of plasmid in the presence of 5×10 5 MBs, the gene expression was 100-fold higher than that obtained with naked plasmid DNA without US or with US in absence of MBs.
Sugano et al. introduced this gene delivery system involving MB liposome (MBL) and US to mouse tongue tissue for oral cancer therapy [23] . The pcDNA3-Luc plasmid encoding the firefly luciferase gene, and the pEGFP-N3 plasmid encoding enhanced green fluorescent protein (EGFP) under the control of the cytomegalovirus promoter were chosen as loaded substances. To exactly determine the efficacy of gene transfection, i.e., the damage of cell caused by the transfected gene, Evans blue dye (EBD) was injected into mice tail veins and the mice were sacrificed one day after the injection. As shown in Fig. (11) , the tissue damage caused by gene transfection was enhanced along with the increasing cell uptake of EBD-loaded MBs. Thereinto, the severest damage occured as high intensity US (4.0 W/cm 2 ) or US exposure time of 120 s or longer was conducted. This test is very worthful to provide a factual base for choosing appropriate strength of US action in the US-enhanced gene therapy.
Sirsi et al. prepared a novel polyplex-MBs to carry DNA for systemic circulation and tumor transfection [24] . In detail, MBs were firstly formed by mechanical agitation of the lipid suspension filled with perfluorobutane gas (PFB), and then the final thiolated branched polyethylenimine-b-poly(ethylene glycol) (PEI-PEG-SH) was added and covalently coupled the maleimide end-group of 1,2-distearoyl-sn-glycero-3-phosphoethanolamine-N-[maleimide (polyethylene glycol)-2000] (DSPE-PEG2K-Mal) within the MB shell to obtain cationic polyplex-MBs. Fig. (12) revealed its suggeted action mechanism in tumor: polyplex-MBs enter the tumor vasculature (Fig. 12-1, 2) , following successively by the entrapment into tumor cell under US irradiation (Fig. 12-3, 4) . In this process, US acts on the tumor region to induce inertial cavitation and MB decomposition, resulting in polyplex/lipid release and the permeation of endothelial lining. At the same time, both US disruption of the cell membrane (Fig. 12-4A ) and enhanced clatherin-mediated endocytotic uptake (Fig. 12-4B) , may promote the entry of DNA vector into tumor cells. Subsequently, polyplex/lipid hybrids are taken up into early endosomes (EE) and then trafficked into late endosomes (LE) or lysosomal compartments. Thereinto, polyethylenimine (PEI)'s proton-sponge effect is helpful for osmotic swelling and endosomal rupture (ER) to facilitate polyplex entry into the cytoplasm. Finally, the carried genes can be expressed after plasmid DNA escapes from the PEI/lipid hybrids and enters the nucleus of the cell, where. In this paper, the authors systematically verified the function of DNA carriers on gastric carcinoma by in vivo and ex vivo experiments. In vivo imaging indicated over 10-fold higher bioluminescence from the tumor region compared to untreated tissue. Ex vivo analysis of excised tumors showed over 40-fold higher expression in tumor tissue than non-sonicated control (heart) tissue. 
Ultrasonic Imaging and Thermotherapy
Gold nanostuctures have been proved to possess outstanding optical and electrical properties as well as biocompatibility, and are applicable in biomedical purposes. On the surface of gold nanostructures, the plasmon resonance peaks can be tuned from the visible to the near infrared (NIR) region by controlling the shape and structure (solid vs. hollow). Since human tissues are mostly transparent to NIR, specially designed gold nanoparticles can be administrated in target site and used to heat up the local tissue to achieve photothermal ablation therapy [25] .
Ke et al. reported a bifunctional gold nanorod (GNR)-loaded polymeric MB for both contrast-enhanced US imaging and photothermal therapy [26, 27] . In vitro and in vivo ultrasound contrast imaging have verified the good echo-enhanced capability of obtained GNR-MBs. Another ability of GNR-MBs, NIR lightinduced thermal effect for selective treatment of solid tumors was evaluated in vitro on HeLa cells (human cervical carcinoma cell lines) dyed with calcein. Under the irradiation of high intensity NIR lasers, the thermo-induced apoptosis of cancer cell with the presence of GNR-MBs made the area of laser illumination dark and lack of calcein green fluorescence, while good cell survival led to full green fluorescence outside the illuminated area. Comparably, GNR-MBs or NIR laser treatment alone couldn't affect cancer cell viability. This result suggested that the cell death happened only in the presence of both GNR-MBs and NIR laser treatment. It confirmed that the NIR laser-induced hyperthermic effect of GNRMBs could selectively and effectively kill cancer cells. This combination of thermotherapy and ultrasonographyin one probe exhibits high efficiency and controllability on tumor treatment, which may greatly decrease or even avoid the damage to normal cells.
In addition, Zhang et al. investigated an unique multifunctional poly(lactic-co-glycolic acid) (PLGA) MBs for image-guided antivascular endothelial growth factor (anti-VEGF) therapy [28] . This approach for treating neovascular age-related macular degeneration may provide a new idea to deal with tumor therapy.
MICROBUBBLE FOR MULTIPLE CANCER IMAGING
The application of MB for US imaging further improves the accuracy of clinical diagnosis and also contribute to achieving multiple imaging by a combination of US with other imaging modalities such as magnetic resonance (MR) or fluorescence imaging techniques. The multiple imaging modalities can be realized by immobilizing/embedding imaging agents within or on the surface of MBs.
Park et al. created a class of stable MBs functionalized with different nanoparticles (NPs) via a single-step fabrication using micro-fluidic technology, for multiple imaging (including US, MR and fluorescence imaging) [29] . Fig. (13) shows the configuration and composition of NPs-loaded MBs, containing superparamagnetic Fe 3 O 4 , fluorescence visible Au and SiO 2 -encapsulated CdSe/ZnS NPs. In vitro imaging assay showed that, the encapsulation of metal, metal oxide and semiconductor NPs greatly increased the MB's resistance to compression, following with the nonlinear oscillations of the NP-coated MBs. Thus, US signal was also enhanced dramatically. In a word, this technique can insure the simplicity and efficiency of processes, and fully expand MB's application for multimodal diagnosis.
Ultrasonic and Magnetic Resonance Imaging
Magnetic Resonance Imaging (MRI) is a noninvasive imaging tool with exquisite soft tissue contrast and multi-planar imaging capacities, but usually need a relatively long acquisition time and can't provide real-time images [30] . In contrast, US can provide real-time image, but has poor ability in tissue discrimination. In many clinical applications, US and MRI are complementary to distinguish possible pathological changes in tissue. So the dualmodality contrast agents for US and MR imaging are necessary and much more convenient than single-modality ones.
SPIO-loaded Microbubbles
The superparamagnetic iron oxide (Fe 3 O 4 , SPIO) nanoparticle is an effective MRI contrast agent, and has a magnetic susceptibility (χ) as high as 70, much higher than that of tissue in general (-11.0×10 -6 < χ tissue < -7.0×10 -6 ) [31] . Yang et al. encapsulated SPIO with nitrogen (N 2 ) inside PLA MB shell by multilayer emulsification to form a powerful bifunctional contrast agent [32] . Similarly, Chow et al. prepared a SPIO-entrapped PLGA MB by double emulsification as intravascular MRI contrast agent [33] . Tests revealed that the magnetic susceptibility of gas-filled PLGA MBs could be substantially increased by incorporating SPIO nanoparticles.
They further developed SPIO-embedded poly(vinyl alcohol) (PVA)/PLA MBs for tumor imaging [34] . Through a study on the interaction of SPIO-loaded MB with SMMC-7721 liver tumor cells under ultrasound exposure (Fig. 14) , it was found that there was a peak in SPIO delivery efficiency into the cells and an optimal SPIO-loaded concentration inside MB shell while these MBs kept effective acoustic property under US exposure. In detail, the amount of SPIOs entering the cells increased but then decreased, along with continuously increasing of the amount of SPIOs embedded into the MB shell. That was because the increasing amount of embedded SPIOs would gradually change the mechanical property of MBs till the MB became too stiff to interact with cells effectively by USinduced cavitation. It might be possible to monitor in vivo contrast intensity for dynamic MR susceptibility imaging.
Liu et al. designed a SPIO-embedded poly(butyl cyanoacrylate) MBs prepared via a one-pot emulsion polymerization of butyl cyanoacrylate for bifunctional imaging [35] . Fig. (15) illustrated that US-induced MB destruction led to a significant increase in longitudinal relaxation time (T 1 ) and transversal relaxation time (T 2 ). This outstanding behavior may help to monitor local USinduced destruction of MBs by MRI and further regulate the release of simultaneously encapsulated agents from MBs On the other hand, the MR imaging properties of such MBs can be also adjusted through US action. And in vivo experiments upon intravenous injection into an MLS (human epithelial ovarian carcinoma cell line) tumor-bearing mouse, also confirmed this MB was excellent contrast agents for both MR and US imaging.
Gd-DTPA-loaded Microbubbles
Gadolinium diethylenetriamine pentaacetic acid (Gd-DTPA) is another type of MR contrast agent with enhanced longitudinal relaxation time (T 1 ), different from SPIO with enhanced transverse relaxation time (T 2 ).
Ao et al. prepared Gd-DTPA-loaded PLGA MBs by double emulsion method for both US and MR imaging [36] . In characterization of Gd-PLGA MB, the mean diameter was 1.47±0.38 µm and average Gd loading was 25±2µg/mg. In vivo imaging revealed that both US echo and MR signal intensity were significantly enhanced after injection of the contrast agent. This dual-mode imaging MB may be suitable for tumor molecular diagnosis.
Ultrasonic and Photoacoustic Imaging
US and photoacoustic (PA) imaging is one of the common dualmode technologies as they can share the same instrumentation. US imaging provides anatomical and morphological details, while PA images contain molecular or functional information of the imaging object [37] [38] [39] .
Kim et al. developed a novel dual-modal contrast agent, namely, ink-encapsulated PLGA MBs and nanobubbles (NBs) for PA and US imaging [40] . This class of bubbles were fabricated using a modified double-emulsion process to pack India nonwaterproof black ink inside PLGA shell. After an experimental study of photographic, PA, and US imaging, all images illustrated the effect of bubble concentration on the resulting signal intensity. Especially in PA images, all sample signals were clearly shown and behaved with a proportional relation to bubble concentration, as same as other images. But in ultrasonography, the US signals of much smaller NBs are stronger than the ones of MBs, which may attribute to the aggregation of nanoparticles or the layering effect [41, 42] .
MICROBUBBLE FOR CANCER MULTIPLE IMAGING AND THERAPY
Wang et al. encapsulated gold nanorods (AuNRs) in human serum albumin MB to obtain a MB-based imaging/therapeutic agent for both US, PA imaging and laser-induced thermotherapy (LIT) [43] . Similar to the above-mentioned gold-localized MBs [26, 27] , the dual properties of AuNRs-modified MBs in acoustic and optics can be utilized for dual-modality diagnosis and US-targeted therapy.
Jiang et al. adopted microfluidic technology to prepare multifunctional monodisperse lipid MBs for diagnostics and therapeutics [44] . These MBs act as a carrier to carry fluorescent probe 6-coumarin, tumour-targeted peptide (LyP-1), PTX, SPIOs and CdTe/ZnS quantum dots in the lipid shells, respectively. In particular, tumor-targeted MBs comprised of DSPC, 1,2-distearoyl-snglycero-3-phosphoethanolamine--N-[methoxy(polyethyleneglycol)-2000] (DSPE-PEG2000) and DSPE-PEG2000-biotin were obtained by microfluidic formation and the following incubation with biotinylated LyP-1 peptides. The results of cell experiments provided the evidences on targeted MBs binding affinity to the human breast cancer MDA-MB-231 cells. The specific binding of LyP-1 peptides would greatly enhance the adherence of these MBs to target cells since some receptors (e.g. p32/gC1qR protein) overexpressed on the tumour cell surface and endothelial cells of tumour lymphatics in breast tumor. This design can provide a new approach to achieve high-efficiency tumor-targeted molecular diagnosis and therapy.
CONCLUSIONS AND FUTURE DIRECTIONS
US waves can cause ultrasonic heat, cavitation and sonoporation effects and induce oscillation, destruction and dissolution of MBs. These unique characteristics facilitate UStriggered release or targeted delivery of embedded agents, involving drug, dye, gene, nanoparticle and so on. Particularly, some side effects resulting from the interaction of MBs with US greatly improves the cell uptake of released agents. Thus, MB has been a promising drug delivery devices for multiple diagnosis and therapy, such as cancer. However, some disadvantages unavoidably limit the application of multifunctionalized MBs in the clinical treatment of malignant tumor, as listed below: 1. Obviously, micron scale makes MB's endocytosis impossible so that loaded agent must escaped from MB before entering target cell. During this drug delivery to cells, most of untargted agents have been diffused in plasma, resulting in decreased uptake, especially in the case of gene therapy. Nanobubble (NB) may be developed to overcome such scale barriers. Certainly, how to resolve the low contrast and poor imaging problems of NB remains a challenge. 2. MBs are usually prepared from lipids, albumin, sugar, and a few biodegradable polymers. Limited library of candidate materials can't meet the increasing demands on better MB performance, including higher stability, higher echo-enhancement, drug controlled release, organ or tissue targeting and so on. Novel functionalized biomedical macromolecules may provide more possibilities and choices for improving the performance of MB or NB.
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